S
EVERAL theories have been launched to explain the often dramatic improvement that follows the shunting procedure in patients with hydrocephalus. In cases with intracranial hypertension an increase in blood flow seems a likely consequence of the reestablishment of normal pressure conditions. In low pressure hydrocephalus ~,1' the favorable results seem more difficult to explain. One theory, first set forth by Yakovlev, ~ states that the neurological disturbances, particularly those affecting the gait, are due to stretching of the long paracentral fibers located close to the walls of the lateral ventricles, and that release of this stretching could explain the postoperative improvements. Periventricular demyelination was found by Penfield and others, ~-and a vascular cause of the changes was considered most plausible. A decrease in cerebral blood flow has been found in occult hydrocephalus, in the high-pressure as well as in the low-pressure type, ~-~ and improvement of flow following the shunting procedure has been described in a few cases with an ectatic basilar artery. :,~ It therefore seems justified to present data allowing more definite and generalized conclusions to be reached about the pre-and postoperative cerebral circulation in hydrocephalic patients.
Material and Methods
Seven consecutive patients with low-pressure hydrocephalus were examined. The hydrocephalus was due to trauma in two cases and to subarachnoid hemorrhage in one. Three patients had an elongated basilar artery deforming the third ventricle 3 (Fig. 1) , and one of these patients had been operated on for a subdural hematoma (Table 1) .
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Angiography of the internal carotid artery was performed 1 to 2 weeks before and 3 to 4 weeks (in one case, 2 months) after operation. In conjunction with this procedure cerebral blood flow was determined by the 133Xenon clearance method of Lasseaa and Ingvar2 "~ By extracranial recording of the radioactivity from the freely diffusible inert gas ~33Xenon which, dissolved in saline, is injected into the internal carotid artery, a clearance curve is obtained from the cerebral hemisphere. This curve can be resolved into two monoexponential clearance functions that correspond to the flow in the gray and the white matter. Graphical analysis of the original curve allows the estimation of the relative weight of these two tissue components as well as of the mean cerebral blood flow. The relative weights are calculated from the intercepts of the two clearance functions at time zero, each of the two compartments having at the start of the clearance obtained a degree of saturation proportional to its blood flow. x5
The arterial carbon dioxide tension (pCO2) of arterial blood was determined with the micro Astrup method. The flow values are given without pCOz correction, because the pCO~ values were essentially within normal variations and, furthermore, cerebral blood flow is not only dependent upon pCO2 of the arterial blood, but also upon the regional tissue pCO_~, a parameter which is unknown. As a check, however, the mean flow values were corrected to the standard CBF (pCO_~ = 40 mm Hg) and this did not significantly change the results and conclusions presented here.
Cerebral circulation time (CCT) was determined by angiography of the carotid artery and taken according to Greitz as an interval between maximum contrast filling of the carotid siphon and maximum filling of parietal veins. 1~ Encephalography was carried out mainly in accordance with the technique described by Lindgren 2~ in 1949. Repeated attempts were made to ensure filling of the basal cisterns as well as the subarachnoid space over the cerebral hemispheres. The hydrocephalic index was determined according to Lindgren 21 as the quotient between the greatest width of the anterior horn and the greatest internal width of the skull. A similar quotient was determined at carotid angiography using the central veins to determine the size of the lateral ventricles. 2 Gammacisternography was carried out by the method described by Di Chiro? Biplane scans were taken after 3, 6, 24, and 48 hours, and if needed also after 3, 4, and 5 days. In all patients intraventricular pressure was measured during operation with electromagnetic methods. In some patients the lumbar CSF pressure was measured simultaneously.
The clinical history and the results of operation are given in the following case reports. Reference is made in Table 2 to the radiologic findings and C B F measurements. 
